The red yeast Rhodotorula mucilaginosa produced an esterase that accumulated in the culture supernatant on induction with triacetin. The enzyme was specific for substrates bearing an 0-acetyl group, but was relatively nonspecific for the rest of the molecule, which could consist of a phenol, a monosaccharide, a polysaccharide, or an aliphatic alcohol. The esterase was more active against acetylxylan and glucose P-D-pentaacetate than were a number of esterases from plant and animal sources, when activities on 4-nitrophenyl acetate were compared. The enzyme exhibited Michaelis-Menten kinetics and was active over a broad pH range (5.5 to 9.2), with an optimum between pH 8 and 10. In addition, the enzyme retained its activity for 2 h at 55°C. The yeast that produced the enzyme did not produce xylanase and, hence, is of interest for the production of acetylxylan esterase that is free of xylanolytic activity.
Hemicellulose is the second most abundant renewable polysaccharide in nature (14) , and its microbial degradation is of fundamental importance in the natural carbon cycle. Most studies of hemicellulose biodegradation have focused on xylanases, a group of hydrolytic enzymes which depolymerize xylan (2) . However, hemicelluloses in many plant species contain substituents such as arabinosyl, glucuronyl, or acetyl groups (2) . Enzymes which remove these substituents, e.g., acetylxylan esterase (4), a-Larabinofuranosidase (6, 7) , and a-glucuronidase (11) , have been shown to occur in bacterial or fungal cellulolytic systems. Notably, partially purified preparations of these enzymes could enhance the activity of xylanases on hemicellulosic materials (3, 6, 11) . Hemicellulose-debranching enzymes have not been described in yeasts.
In studies and applications of enzymatic deacetylation of acetylxylan, it is of interest to have available a source of esterase that is free of xylanolytic activity. In this study we identify several yeasts that produce the desired esterase activity and characterize the properties of the esterase activity produced extracellularly by Rhodotorula mucilaginosa.
MATERIALS AND METHODS
Chemicals. The acetylated birchwood xylan was a generous gift of J. Puls Preparation of extracellular enzymes. A 1-ml sample of inoculum culture was transferred to 100 ml of medium containing 0.67% YNB without amino acids and 1% glycerol in a 250-ml, loosely capped Erlenmeyer flask. The flask was shaken at 200 rpm on a gyratory shaker at 30°C (9) . After 24 h, cells were harvested by centrifugation at 8,000 x g, washed once with distilled water, and suspended in 100 ml of medium containing 0.67% YNB without amino acids, 0.1% bovine serum albumin, and 1% triacetin in 200 mM potassium phosphate buffer (pH 5.5). After 48 to 72 h of further incubation at 200 rpm, 50 to 100 ml of the cell suspension was removed and centrifuged at 8,000 x g. In time course studies, cells were harvested at various times between 0 and 120 h of incubation with triacetin. The culture supernatant was concentrated 10-to 20-fold by ultrafiltration (Amicon Corp., Lexington, Mass.) by using a membrane with a molecular weight cutoff of 10,000. The retentate was dialyzed against three changes of 5 mM potassium phosphate buffer (pH 6.5) for 3 h. This enzyme preparation was divided into small fractions and stored frozen at -15°C. Activity was retained during storage under these conditions for at least 4 weeks.
Enzyme assays. Acetylxylan esterase activity was assayed by the method described by Biely et al. (4) (Fig. 1) . When the induction experiment was carried out, acetic acid was found in the medium shortly after the concentrated washed cell suspension was placed in triacetin. An interpretation of this observation is that the cells grown in glycerol constitutively possess a cell-bound esterase, and that triacetin induces accumulation of the esterase of interest in the medium. The eventual decline of acetic acid was attributed to its utilization by the yeasts.
Extracellular esterase activity against acetylxylan increased linearly with protein concentration up to a concentration equivalent to 0.6 mg of cell dry weight and then increased at a lower rate (Fig. 2) . The enzyme was active over a broad pH range (5.5 to 9.2, Fig. 3 ). The optimal pH value was between 8.0 and 10.0, and it may have been higher at 300C than at 400C. To avoid complications due to nonenzymatic deesterification of substrates in alkaline pH, all enzyme assays other than those in pH dependence studies were carried out at pH 6.5. The maximum enzyme velocity (Vmax) and the apparent Michaelis-Menten constant (Km) determined at pH 6.5 and 30°C were 0.56 ,umol of acetate released per h per ml of supernatant and 2.6% (wt/vol) acetylxylan, respectively.
The effect of assay temperature on enzyme activity is presented in Fig. 4 . Catalysis did not occur at 4°C, and activity increased with rising temperature. At 22 and 300C, the activity was linear with time. At 40 or 55°C, activity increased with time. At 70°C, the enzyme displayed high activity in the first 0.5 h, but then it decreased and was not detectable at 2 h. Extracellular acetylxylan esterase activity was not affected by 1 mM EDTA, suggesting that metal ions are not critical to the catalytic activity. The activity was also insensitive to 1 mM phenylmethylsulfonyl fluoride, mercuric chloride, or 5,5'-dithiobis(2-nitrobenzoic acid).
The enzyme was specific for acetyl groups. Ethyl esters of carboxylic acids ranging from n-butyric to palmitic and ethyl cinnamate were not hydrolyzed. In contrast, a variety of 0-acetyl compounds were susceptible to attack (Table 2) . These included a phenol, a monosaccharide, a polysaccharide, and an aliphatic alcohol. The low activity on cellulose acetate may reflect the insoluble nature of this material in aqueous solutions. The specificity of acetylxylan esterase differed considerably from that of electric eel acetylcholine esterase.
The Rhodotorula mucilaginosa enzyme exhibited considerable specificity against acetylxylan and glucose ,-Dpentaacetate. Specific activities were greater on these substrates than on the others listed in Table 2 . This was also apparent from a comparison of the activity ratios, which were computed as the quotient of specific activities on various substrates and that on 4-nitrophenyl acetate. When compared on the basis of activity ratios, the yeast enzyme was more active on acetylxylan and glucose P-D-pentaacetate than were several esterases from animal and plant sources. The activity of the yeast enzyme against acetylxylan relative to that on 4-nitrophenyl acetate was similar to that with material from Trichoderma viride (4).
DISCUSSION
Little is known about the functional role(s) of various substituent groups on plant hemicellulose, although they can be envisioned to provide protection against enzymatic attack by plant pathogens. In addition, substituents often introduce heterogeneity, thereby imparting certain physical or structural properties to the hemicellulose polymer. For 
